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INTRODUCTION 
Available soil nitrogen (N) is usually defined as N in the root zone 
in a chemical form readily absorbed by plant roots (Scarsbrook, 1965). 
This N is derived from several sources. In production agriculture, it is 
predominantly derived from N fertilizers, biological N^ fixation, and 
mineralization of organic N in crop residues and soil organic matter. 
The surface layer of most soils contains between 0.05 and 0.50? of 
total N, and almost all of this N is in organic forms (Bremner and 
Mulvaney, 1982). An appreciable amount (usually 1-32) of this organic N 
is mineralized by soil microorganisms during the growing season (Brenner, 
1965a), but the amount of N thus made available for plant growth is seldom 
sufficient to need the N requirements of agronomic crops. Moreover, the M 
made available for plant growth by mineralization of organic soil N is 
released slowly over the growing season, whereas the need for N by most 
crops is greatest early in the growing season (Viets, 1965). 
The need for laboratory methods of obtaining a reliable estimate of 
the amount of N likely to be made available for crop growth by 
mineralization of organic soil N during the growing season has long been 
recognized, and numerous biological and chemical methods have been 
proposed during the past 30 years (Harmsen and van Schreven, 1955; 
Bremner, 1965a; Keeney and Bremner, 1966a; Jenkinson, 1968; Stanford and 
Legs, 1968; Dahnke and Vasey, 1973; Keeney, 1980, 1982; Stanford, 1982). 
However, the only methods that have gained significant acceptance for 
assessment of potentially available organic N in soil are incubation 
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techniques that are too complicated and time-consuming for use in soil 
testing laboratories, and there is an obvious need for a rapid and simple 
chemical method of assessing potentially available organic N in soil. The 
purpose of the work reported in this thesis was to meet this need. 
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LITERATURE REVIEW 
The laboratory methods that have been proposed for assessment of soil 
N availability can be divided into biological and chemical tests (Bremner, 
1965a). These tests have the many limitations commonly encountered in 
soil testing (Cope and Rouse, 1973; Melsted and Peck, 1973), and none of 
the tests thus far proposed has gained acceptance for use in soils testing 
laboratories. 
Besides providing a valid index of soil N availability, a laboratory 
method should be simple, rapid, and reproducible, and its results should 
not be significantly affected by sample pretreatment. It is generally 
accepted that anaerobic and aerobic incubation methods proposed are the 
best methods currently available for assessment of potentially available 
organic N in soil, but these methods have not been used in soil testing 
laboratories because they are time-consuming and their results are 
affected by pretreatment of the soil sample such as air-drying or air-dry 
storage (Keeney and Bremner, 1966a). A chemical approach to obtaining a 
laboratory index of soil N availability is attractive, because chemical 
methods of analysis are usually more rapid and convenient than biological 
methods, and they are generally more precise. The chief objection to the 
chemical methods thus far proposed is that they are empirical and make no 
allowance for the fact that the N mineralization-immobilization cycle in 
soil is controlled by the supply of energy material for microbial 
processes (Bremner, 1965a). Most of the chemical tests thus far proposed 
have been evaluated by comparing their results with those of biological 
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tests. 
Biological Methods 
The biological methods that have been proposed can be divided into 
short-term incubation methods in which the soil sample is incubated under 
anaerobic or aerobic conditions for 1 or 2 weeks and long-term incubation 
methods in which the soil sample is incubated under aerobic conditions for 
more than 2 weeks and is leached immediately before incubation and at 
2-week intervals during incubation. 
Bremner (1965a) discussed various incubation procedures proposed and 
concluded that, to obtain satisfactory results by incubation methods, it 
is essential to rigorously standardize the methods of sampling, drying, 
grinding, sieving, and storage of soil samples before incubation. He also 
concluded that it is essential to measure the total mineral N [(NK^"*" + 
NOg + NO^ )-N] produced by aerobic incubation because some soils will not 
nitrify all of the produced on aerobic incubation. 
Several incubation methods have been proposed during the past 20 
years, and an aerobic incubation method proposed by Keeney and Bremner 
(1967) has been used world-wide with apparent success (Robinson, 1968a, 
1968b; Ryan et al., 1971; Herlihy, 1972; Baerug et al., 1973; Oien and 
Selmer-Olsen, 1980; Selmer-Olsen et al., 1981). This method involves 
determination of the (ammonium + nitrate + nitrite)-N produced when 10 g 
of soil are mixed with 30 g of 30- to 60-mesh quartz sand, moistened with 
6 mL of distilled water, and incubated under aerobic conditions at 30°C 
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for 14 days. 
An anaerobic incubation method proposed by Waring and Bremner (1964) 
has attracted considerable attention because of its simplicity compared 
with most aerobic incubation procedures. This method involves 
determination of the ammonium-N produced when 5 g of soil are incubated 
under waterlogged conditions at 40°C for 7 days. Its advantages compared 
with aerobic methods are as follows: (i) only need be measured, 
(ii) problems with establishment of optimal water content and loss of 
water during incubation are eliminated, (iii) more N is mineralized in a 
given period than under aerobic conditions, and (iv) higher temperatures 
(leading to more rapid mineralization of N) can be used since the optimum 
temperature for nitrification is of no concern (Keeney, 1982). Keeney and 
Bremner (1965a) found that the amounts o^ produced by incubation of 
25 Iowa soils under anaerobic conditions for 7 days at 40°C were better 
correlated with N uptake by ryegrass (Lolium perene L.) than were the 
amounts of produced by incubation under anaerobic conditions for 14 
days at 30°C or the amounts of (NH^"*" + NO^" + N02~)-N produced by 
incubation under aerobic conditions at 30°C for 14 days. 
Stanford and Smith (1972) and Stanford et al. (1974) have reported on 
development of an incubation method of defining the mineralizable (or 
labile) soil N pool. This method involves estimation of the N mineralized 
on incubation of a soil sample over an extended period of time (30 weeks), 
the inorganic N produced on incubation being removed by leaching the 
sample with 0.01 M CaCl^ at intervals during this incubation. Using the 
mineralizable N data obtained by this method, Stanford and Smith (1972) 
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calculated the N mineralization potential value (N^) of the soil sample on 
the assumption that follows first-order kinetics Nt = N^(1-e [where 
Nt = pg of mineral N produced per g of soil in time t (weeks), N^ = N 
mineralization potential value, and k = N mineralization rate constant], 
and is estimated as log(N^ - N^) = logN^ kt/2.303. In their initial work 
using 39 diverse soils, Stanford and Smith (1972) obtained an average k of 
5.4 ± 0.9% of the total N mineralized per week (range 3.5-9.5?) with an 
average (as percentage of total soil N) of 18.4 - 7.9% (range, 4.5-
40.52). Extension of this work to obtain an appropriate correction of the 
N^ value for air temperature and soil water content showed that the N^ 
value was reduced to 18 ±2% of the laboratory determined value when the 
average monthly air temperatures along with irrigation and rainfall 
records were used to calculate the corrected value (Stanford et al., 1973; 
Stanford and Epstein, 1974). 
The idea that an average N mineralization rate constant (k) can be 
used for estimation of may not hold for all soils. Griffin and Laine 
(1983) observed significant differences in k values among soils which had 
received the same organic amendment and concluded that a single k value 
could not be assumed for any group of soils they studied. . Moreover, 
Cassman and Munns (1980) observed a substantial difference in the 
mineralization rate constants (k) for different soil depths. 
A potential source of error in estimating N^ and k as described by 
Stanford and Smith (1972) is the measurement of mineral N instead of total 
N in the extracts obtained by leaching the soil sample at intervals with 
0.01 M CaClg. According to Smith et al. (1980), 0.01 M CaClg extracts a 
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significant amount of organic soil N that is readily mineralized. They 
observed that the amount of organic N extracted by 11 leachings with 0.01 
M CaCl- accounted for 13 to 163? of the N mineralized and concluded that 
— d. 
the exclusion of soluble organic N from calculations of and k must lead 
to underestimation of these parameters. Another problem in estimating 
is that the amount of mineral N measured is highly dependent on the number 
of leachings performed during the incubation period adopted (Smith et al., 
1980). 
Chemical Methods 
Several chemical methods of assessing potentially available organic N 
in soil have been proposed during the past 20 years. Stanford (1982) 
subdivided chemical methods into three categories: (i) intensive 
extraction methods; (ii) extraction methods of intermediate intensity; and 
(iii) relatively mild extraction methods. Because intensive extraction 
methods are rarely used, I will discuss only intermediate or mild 
extraction methods that have been found to give results that are well 
correlated with the N-supplying capacities of soils in field, greenhouse, 
or laboratory experiments using a broad range of soils. 
Chemical methods involving measurement of the released from 
soils by alkaline hydrolysis and (or) oxidation of organic iJ compounds 
have received substantial attention (Keeney, 1965; Keeney and Bremner, 
1966a; Cornforth, 1968; Herlihy, 1972; Stanford, 1978, 1982; Keeney, 
1982). Usually, the best correlations between the results of these 
methods and those of biological methods of assessing potentially available 
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organic N in soil have been obtained in studies using a narrow range of 
soils (Cornforth, 1968; Herlihy, 1972). The corresponding correlations in 
studies using a broad range of soils have often been no better than those 
observed between total soil N and the results of biological methods 
(Keeney, 1965; Keeney and Bremner, 1965a; Stanford and Legg, 1968; 
Jenkinson, 1968; Stanford, 1978). For instance, Stanford (1978) found 
that the correlation coefficients for the relationships between the 
values of 39 soils and the amounts of released by steam 
distillation of these soils with various concentrations of alkaline 
permanganate solution ranged from 0.79 to 0.85, whereas the corresponding 
correlation coefficients with 62 soils ranged from 0.53 to 0.79. 
Nommik (1976) proposed oxidative release of from soil by acid 
chromate or dichromate solutions as an index of soil N availability. He 
found that the NH^^-N extracted from Swedish forest soils by various 
mixtures of H^PO^ and chromic acid was significantly related to 
mineralisable M in these soils. Stanford and Smith (1978) found that the 
amount of extracted from soil by a 1 N H^SO^zO.I N KMnO^ solution 
following extraction with 1 N H^SO^ was closely related (r = 0.89) to 
readily mineralizable soil N (N^). Sahrawat (1982a) found that the total 
mineral N extracted by an acid KMnO^^ solution from rice soils in the 
Philippines correlated with N mineralized under anaerobic conditions (1 
week at 40°C) almost as well (r = 0.79) as the ammonium-N released by an 
alkaline KMnO^ solution (r = 0.81). He subsequently found that N uptake 
by rice in greenhouse pot experiments correlated better (r = 0.81) with 
the amounts of ammonium-N released by distillation of soil with alkaline 
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KMnOjj solution than with the ammonium-N extracted from soil by acid KMnOy 
solution (r = 0.75) (Sahrawat, 1982b). 
Jenkinson (1968) proposed a relatively mild method of assessing soil 
N availability involving estimation of the "glucose" extracted from soil 
by dilute BaCOH)^ solution, and he observed a close relationship between 
the results obtained by this method and the mineralizable N values for a 
wide range of soils. Good relationships between the results of this 
method and those of biological methods of assessing soil N availability 
have been reported by several workers (e.g., Smith and Stanford, 1971; 
Gasser and Kaleabasa, 1976; Whitehead, 1981; Whitehead et al., 1981), but 
the anthrone reagent used to determine "glucose" in this method is 
difficult to maintain, and application of the "glucose" method to a wide 
range of soils is complicated by the fact that the strength of the Ba(0H)2 
solution is altered by reactions with soil constituents (Jenkinson, 1958). 
Considerable attention has been given to chemical methods involving 
determination of the total N or extracted from soil by hot water or 
hot salt solutions (Keeney, 1982). The hot-water method proposed by 
Keeney and Bremner (1966b) involves estimation of the N extracted by 
boiling a soil sample with water containing potassium sulfate under reflux 
for 60 min. The results of this method have been shown to be 
significantly correlated with N uptake by ryegrass (Lolium multiflorum) 
and with the results of aerobic and anaerobic incubation procedures 
(Keeney and Bremner, 1966a; Jenkinson, 1968; Verstraeten et al., 1970; 
Lathwell et al. 1972; Gasser and Kalembasa, 1976). However, this method 
and any other method that involves determination of total N extracted from 
10 
a soil sample has the disadvantage that it requires a Kjeldahl analysis. 
The chemical method that has received the most attention in recent 
years is the procedure proposed by Stanford and Smith (1976), which 
involves determination of the ammonium-N produced by autoclaving the soil 
sample with 0.01 M CaCl^ at 121°C for 16 hours. This method, which is a 
modification of a method proposed by Smith and Stanford (1971), requires 
three extractions (two to remove ammonium-N present in the soil sample 
before autoclaving, one to extract the ammonium-N present after 
autoclaving), and it uses a time-consuming microdiffusion technique for 
determination of ammonium. Smith and Stanford (1971) and Stanford and 
Smith (1976) observed a good relationship (r = 0.89) between the NHy'''-N 
values obtained by this CaCl^-autoclave method and the mineralizable N 
values obtained for a broad range of soils when calcareous aridisols from 
the western United States were excluded. Keeney (1982) has suggested a 
modification of this CaCl^-autoclave procedure in which the ammonium-N 
initially present in the soil sample is not removed before autoclaving and 
the ammonium-N present after autoclaving is determined by direct steam 
distillation of the autoclaved soil-CaClg mixture with MgO for 4 min. 
This method is much simpler than the CaCl^-autoclave method proposed by 
Stanford and Smith (1976) but it is not simple enough for use in soil 
testing laboratories. 
MacLean (1964) proposed a relatively mild method involving estimation 
of the total N extracted by shaking soil with 0.01 M NaHCO^ at room 
temperature for 15 min and reported greenhouse studies showing that the 
results obtained by this method were closely related to short-term uptake 
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of N by oats (r = 0.85) and to long-term uptake of N by ryegrass (r = 
0.76). Smith (1965) also obtained encouraging results by this method in a 
greenhouse study of 60 soils (30 soil types) cropped to orchardgrass. Fox 
and Piekielek (1978a) evaluated the method proposed by MacLean (1964) by 
comparing the results of this method with the capacities of eight 
Pennsylvania soils to supply N to field-grown corn. They concluded that 
although the method showed promise, it was too time-consuming and 
expensive for use in soil testing laboratories. Fox and Piekielek (1978b) 
recently modified the method of MacLean (1964) by using an ultraviolet 
(260 nm) absorbance technique to estimate the amount of organic matter 
extracted by shaking soil with 0.01 M NaHCO^ at room temperature for 15 
min, and they showed that the results obtained by this modified method 
were closely related (r = 0.87) to N uptake by corn grown in field plots 
at eight sites in a 2-year study. However, they did not obtain good 
results by this method in a subsequent 4-year field study using a wider 
range of soils and climatic conditions (Fox and Piekielek, 1983). 
The NaHCOj ultraviolet absorption method proposed by Fox and 
Piekielek (1978b) was further evaluated by Whitehead et al. (1981) using 
soil samples from 18 sites cultivated with perennial ryegrass (Lolium 
perene L.) that had not received fertilizer N. The relationship they 
observed between N uptake by perennial ryegrass and the absorbance values 
obtained by the NaHCO^ method was very poor (r = 0.34). When soil 
temperature and soil moisture were taken into account, the correlation 
coefficient was increased to 0.51, but it was not significant and it was 
lower than the correlation coefficient observed for the relationship 
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between N uptake by ryegrass and the results of analyses for total soil N 
adjusted for soil temperature and soil moisture (r = 0.59). Michrina et 
al. (1981) also found no significant correlation between the absorbance 
values obtained by the NaHCO^ UV method and N uptake by corn plants in 
field studies at 10 different sites. Furthermore, Rodrigues Filho (1981) 
found that the results obtained by the NaHCO^ UV method with 52 
Mississippi soils were very poorly correlated (r = 0.30) with the amounts 
of (NHy^ + NOg" + N02~)-N produced by incubation of these soils for 2 
weeks under aerobic conditions. 
Oien and Selmer-Olsen (1980) developed a relatively simple chemical 
method involving determination of the ammonium-N produced when soil is 
heated with 2 M KCl at 80°C for 20 hours. The results obtained by this 
method were highly correlated (r = 0.98) with those obtained by an aerobic 
incubation method (Oien and Selmer-Olsen, 1980) and with N uptake by oat 
plants (r = 0.84) in pot experiments using 36 diverse Danish soils 
(Selmer-Olsen et al., 1981). 
Whitehead (1981) proposed a chemical method of assessing available 
soil N involving determination of the (NH^^ + NO^I-N present after 
boiling the soil sample with 1 M KCl for 1 hour and reported that the 
results obtained by this method were highly correlated (r = 0.89) with N 
uptake by perennial ryegrass (Lolium perenne L.) in a greenhouse pot 
experiment. 
It is now generally recognized that in climates where extensive 
leaching or denitrification do not normally occur before planting or 
during the growing season, the residual inorganic N in the root zone 
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should be taken into account in assessment of N fertilizer requirement 
(Keeney, 1982). Recognizing this, Magdoff et al. (1984) proposed a soil N 
test based on determination of the NO^'-N present in the 0-30 cm soil 
layer when plants given a sidedress application of fertilizer N are 15 to 
30 cm tall. They reasoned that the NOg"-N present at the time of sampling 
is a result of an integration of all the soil and weather factors that 
have influenced the availability of N prior to the time of sidedress 
fertilizer application. Although this seems to be a good approach, 
assessment of available soil N from residual NO^'-N measurements alone is 
clearly inadequate if significant differences exist among soils in regard 
to their capacity to mineralize organic soil- N (Stanford, 1982), and it is 
evident that prediction of N fertilizer needs would be improved by the use 
of a mineralizable N index in conjunction with profile NO^'-N and 
environmental variables such as soil temperature and water content 
(Stanford, 1977). 
Thus far the only methods that have gained significant acceptance for 
assessment of potentially available organic N in soils are incubation 
techniques that are too complicated and time-consuming for use in soil 
testing laboratories. Of the many chemical methods proposed, only a few 
have been found to give results that correlate well with those obtained by 
incubation methods or with N uptake by plants and these chemical methods 
are not simple enough for use in soil testing laboratories. Thus there is 
an urgent need for a rapid and simple chemical method of assessing 
potentially available organic N in soil. 
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PART I. A RAPID STEAM DISTILLATION METHOD OF ASSESSING POTENTIALLY 
AVAILABLE ORGANIC NITROGEN IN SOIL 
15 
INTRODUCTION 
The obvious difficulties in predicting nitrogen (N) fertilizer 
requirements and the relatively low cost of fertilizer N during the past 
20 years have encouraged the application of more fertilizer N than seems 
likely to be required for efficient crop production. However, the recent 
increase in the cost of fertilizer N and the accumulation of evidence for 
nitrate pollution of ground and surface waters by fertilizer-derived 
nitrate have made it obvious that application of excessive amounts of 
fertilizer N must be discouraged and have emphasized the need for better 
methods of predicting N fertilizer requirements. To meet this need, it is 
essential to improve current methods of assessing the availability of soil 
N to plants. 
The need for satisfactory laboratory methods of obtaining an estimate 
of the amount of N likely to be made available for crop growth by 
mineralization of organic matter during the growing season has long been 
evident, and numerous methods have been proposed (see Bremner, 1965a; 
Dahnke and Vasey, 1973; Keeney, 1982; Stanford, 1982). But the methods 
showing the most promise are too complicated or time-consuming for use in 
soil testing laboratories, and there is an urgent need for a simple and 
rapid chemical method of assessing potentially available organic N in 
soil. 
I describe here a rapid steam distillation method of assessing 
potentially available organic soil N that is simple enough for use in soil 
testing laboratories and gives results that are highly correlated with 
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those obtained by anaerobic and aerobic incubation methods considered to 
be among the best laboratory methods currently available for assessment of 
potentially available organic N in soil. Besides being rapid, simple, and 
precise, this method has the advantage that the steam distillation 
apparatus and several of the reagents used in the method can also be used 
for determination of inorganic N in soil by rapid steam distillation 
techniques (Bremner and Keeney, 1966; Keeney and Bremner, 1966c). 
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MATERIALS AND METHODS 
Soils 
The soils used (Table 1) were surface (0-20 cm) samples of 33 
Brazilian soils selected to obtain a range in organic-matter content 
(0.50-4.42? organic C), total N content (0.046-0.380% N), texture (7-84% 
sand, 5-58? silt, 7-68? clay), and pH (4.6-6.4). Unless otherwise 
specified, the samples were from uncultivated soils and were air-dried and 
crushed to pass through a 2-mm screen before use. The analyses reported 
in Table 1 were performed as described by Zantua and Bremner (1975). 
Steam Distillation Method of Assessing Potentially Available 
Organic Nitrogen in Soil 
Steam distillation apparatus 
The apparatus used has been described (Bremner, 1965b). Before use, 
it should be steamed out for about 10 min to remove traces of NH^, and the 
rate of steam generation should be adjusted so that 5 to 6 mL of 
distillate are collected per min. 
Reagents 
Phosphate-borate buffer (pH 11.2) Place 200 g of NagPO^.I^HgO, 
50 g of Na2By0y.10H20, and about 1800 mL of water in a 2-liter volumetric 
flask, shake the flask until the phosphate and borate are dissolved, and 
adjust the pH of the solution to 11.2 by addition of H^PO^. Then, dilute 
the solution to 2 liters, and store it in a tightly stoppered bottle. 
18 
Table 1. Properties of soils used 
Soil® 
Location Subgroup 
Organic Total 
pH C N Sand Silt Clay 
Sao Jeronimo C Rhodic Paleudult 4.9 0.50 0.046 
1 
00
 
1 
8 8 
Sao Pedro Arenic Paleudult 5.2 0.51 0.046 78 12 10 
Camaqua Rhodic Hapludult 5.2 0.56 0.052 77 16 7 
Bom Retire Arenic Paleudult 5.2 0.64 0.049 75 11 14 
Sao Jeronimo P Rhodic Paleudult 5.1 0.65 0.061 67 18 15 
Tupancireta C Arenic Rhododult 5.7 0.70 0.071 82 6 12 
Passo Fundo C Typic Haplortox 5.5 0.90 0.070 72 9 19 
Sao Jeronimo Rhodic Paleudult 5.0 1.00 0.079 69 17 14 
Rio Pardo C Typic Hapludult 5.5 1.15 0.098 70 12 18 
Tupancireta Arenic Rhododult 5.3 1.16 0.083 59 11 30 
Alto Canas C Rhodic Paleudalf 6.4 1.21 0.101 50 22 28 
Rio Pardo Typic Hapludult 5.1 1.23 0.179 65 17 18 
Sao Gabriel C Vertic Hapludalf 5.3 1.26 0.112 56 32 12 
Sao Gabriel Vertic Hapludalf 5.3 1.29 0.104 53 33 14 
Cruz Alta Typic Haplortox 5.0 1.29 0.127 66 11 23 
Vila C Cumulic Hapludoll 6.0 1.35 0.148 16 48 36 
Passo Fundo Typic Umbriorthox 5.3 1.40 0.105 69 9 22 
Alto Canas Rhodic Paleudalf 5.0 1.42 0.106 52 22 26 
Pirai Aerie Ochraqualf 5.5 1.43 0.128 52 29 19 
Bage C Vertic Argiaquoll 5.6 1.45 0.115 49 38 13 
Bage Vertic Argiaquoll 5.4 1.54 0.140 25 46 29 
Santo Angelo C Typic Haplortox 5.3 1.59 0.127 23 23 54 
Charrua Lithic Hapludoll 5.6 1.68 0.178 12 58 30 
Vila Cumulic Hapludoll 5.5 1.83 0.211 9 56 35 
Julio Castilhos Typic Paleudalf 5.1 1.85 0.148 20 37 43 
Santa Maria Aquollic Hapludalf 5.2 2.19 0.148 38 51 11 
Estacao C Typic Paleudult 5.4 2.48 0.202 16 23 61 
Uruguaiana Vertic Argiudoll 6.0 2.53 0.172 28 42 30 
Santo Angelo Typic Haplortox 5.3 2.54 0.264 21 23 56 
Ciriaco Typic Argiudoll 6.2 2.92 0.320 16 40 44 
Vacaria Allic Haplohumox 5.1 3.60 0.247 7 25 68 
Erechim Typic Haplortox 5.0 3.69 0.380 9 36 55 
Estacao Typic Paleudult 4.6 4.42 0.375 16 21 63 
^ C, cultivated soil; P, soil under pasture. 
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Boric acid-indicator solution Prepare as described by Bremner 
(1965b). 
Sulfuric acid solution 0.005 N standard. 
Procedure 
Add 5 mL of boric acid-indicator solution to a lOO-mL Erlenmeyer 
flask marked to indicate a volume of 50 mL, and place the flask under the 
condenser of the steam distillation apparatus so that the end of the 
condenser is about 4 cm above the surface of the H^BO^ solution. Then, 
place a 4.0-g sample of <2-mm soil in a 200-mL distillation flask, add 
40 mL of pH 11.2 phosphate-borate buffer, connect the distillation flask 
to the distillation apparatus, and immediately commence steam distillation 
by closing the stopcock on the steam-bypass tube of the distillation 
apparatus. When the distillate reaches the 50-mL mark on the receiver 
flask, stop the distillation by opening the stopcock on the steam-bypass 
tube, and determine ammonium-N in the distillate by titration with 
0.005 N HgSOy from a 5-mL buret graduated at 0.01-mL intervals (1 mL of 
0.005 N BLiSOy = 0.07 mg of ammonium-N). Determine the ammonium-N 
initially present in a 4.0-g sample of the soil by steam distilling the 
sample with 20 mL of 2 M KCl and 0.2 g of MgO for 3.3 min as described by 
Keeney and Bremner (1966c), and calculate the ammonia-N produced from 
organic soil N by the distillation with phosphate-borate buffer as the 
difference between the results of these two analyses. 
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Incubation Methods of Assessing Potentially Available 
Organic Nitrogen in Soil 
Anaerobic incubation method 
The method used was the waterlogged incubation method of Waring and 
Bremner (1964) modified as described by Keeney and Bremner (1966a). It 
involved determination of the ammonium-N produced when 5 g of soil were 
incubated under waterlogged conditions at 40°C for 7 days. 
Aerobic incubation methods 
Two methods were used. One was the procedure described by Keeney and 
Bremner (1957) involving determination of the (ammonium + nitrate + 
nitrite)-N produced when 10 g of soil are mixed with 30 g of 30- to 
60-mesh quartz sand, moistened with 6 mL of distilled water, and incubated 
under aerobic conditions at 30°C for 14 days. The other method used was 
the procedure described by Stanford and Smith (1972) involving 
determination of the (ammonium + nitrate + nitrite)-N produced when 
15 g of soil mixed with 15 g of 30- to 60-mesh quartz sand are incubated 
under aerobic conditions at 35°C for 14 days after leaching with 100 mL of 
0.01 M CaCl- and 25 mL of a N-free nutrient solution. 
— 2 
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RESULTS AND DISCUSSION 
Development of Method 
The method described originated from studies to find a rapid chemical 
method of assessing potentially available organic N in soil based on 
determination of-the ammonia-N liberated by steam distillation of soil 
with an alkaline reagent for a few minutes. Besides being simple and 
rapid, a method of this type would be very attractive if based on use of 
the steam distillation apparatus commonly used for determination of 
inorganic N in soil by rapid steam distillation methods (Bremner and 
Keeney, 1966; Keeney and Bremner, 1966c). 
Several methods of assessing potentially available organic soil N 
based on determination of, the ammonia-N liberated by distillation of soil 
with alkaline reagents such as NaOH or KMnO^-NaOH solutions have been 
proposed (see Dahnke and Vasey, 1973; Keeney, 1982; Stanford, 1932), but 
most workers have obtained unsatisfactory results with these methods 
(Keeney and Bremner, 1966a; Jenkinson, 1968; Cornforth and Walrasley, 1971; 
Stanford, 1978), and I found that the results obtained by such methods 
with Brazilian or Iowa soils were very poorly correlated with those 
obtained by anaerobic or aerobic incubation methods of assessing 
potentially available organic N in soil. I also found that these alkaline 
distillation methods did not give reproducible results and concluded that 
this was at least partly due to lack of control of pH in these methods. I 
decided, therefore, to try to develop a rapid steam distillation method of 
assessing potentially available organic N in soil based on use of an 
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alkaline buffer, and studies using a variety of buffers led to development 
of the method described here. The pH 11.2 phosphate-borate buffer used in 
this method is the buffer employed in the alkaline decomposition method of 
determining glucosamine proposed by Tracey (1952), which is based on his 
finding that the N in glucosamine is converted quantitatively to NH^ when 
this compound is steam distilled with pH 11.2 phosphate-borate buffer for 
3 min. This buffer was adopted because I found that the amounts of 
ammonia-N produced by steam distillation of diverse soils with this buffer 
for 5 or 10 min were highly correlated with the ammonium-N values obtained 
by the anaerobic incubation method of assessing potentially available 
organic soil N recommended in the recent revision of the American Society 
of Agronomy (ASA) monograph on "Methods of Soil Analysis" (Keeney, 1982). 
The method described was developed from systematic studies of factors 
affecting the amount of ammonia-N produced by steam distillation of soil 
with pK 11.2 phosphate-borate buffer. The factors studied included the 
amount of soil and the volume of pH 11.2 phosphate-borate buffer used, the 
time of distillation with phosphate-borate buffer, the particle size of 
the soil, and pretreatments of the soil sample before analysis (air-drying 
and air-dry storage). 
Amount of soil and volume of buffer 
Table 2 shows results obtained in studies of the effect of varying 
the amount of soil and the volume of buffer on the amount of ammonia-N 
liberated by steam distillation of soil with pH 11.2 phosphate-borate 
buffer for 8 min. The data reported show that, when expressed as 
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Table 2. Effect of varying amount of soil and volume of buffer on 
amount of ammonia-M liberated by steam distillation of soil 
with phosphate-borate buffer for 8 min^ 
Amount of Volume of Ammonia-N 
Soil soil buffer liberated 
g mL Ng g~^ soil 
Bom Retiro 2.0 20 16.5 
2.0 40 16.6 
2.0 60 16.8 
4.0 20 16.2 
4.0 40 16.6 
4.0 60 16.7 
8.0 20 14.4 
8.0 40 16.2 
8.0 60 16.5 
Vacaria 2.0 20 74.1 
2.0 40 74.8 
2.0 60 75.2 
4.0 20 73.8 
4.0 40 74.2 
4.0 60 74.9 
8.0 20 62.0 
8.0 40 70.5 
8.0 60 73.0 
^ 2.0-, 4.0-, or 8.0-g samples of soil were steam distilled 
with 20, 40, or 60 mL of phosphate-borate buffer for 8 min. 
pg of NHg-N g~^ soil, the amount of ammonia-N liberated by steam 
distillation of 2.0- or 4.0-g samples of soil with the pH 11.2 buffer for 
8 min was not significantly affected when the volume of buffer was 
increased from 20 to 40 or 60 mL, whereas the amount liberated from 8.0-g 
samples of soil increased appreciably with increase in the volume of 
buffer from 20 to 40 or 50 mL. A method involving use of 4.0 g of soil 
and 40 mL of buffer was adopted because the results obtained by this 
method were more precise than those obtained using other amounts of soil 
and volumes of buffer studied. 
Time of distillation with phosphate-borate buffer 
Studies of the effect of varying the time of distillation of soil 
with pH 11.2 phosphate-borate buffer in the method described showed that, 
although the ammonia-N value obtained increased with increase in the time 
of distillation, the rate of NH^ release from soil decreased with increase 
in the time of distillation. This is illustrated by Table 3, which shows 
results obtained with nine soils in studies of the effect of varying the 
time of distillation in the method described. A distillation time of 8 
min was adopted because the ammonia-N values obtained using this time were 
more highly correlated with the ammonium-N values obtained by the 
anaerobic incubation method used for comparison than were those obtained 
using shorter or longer distillation times. 
Particle size of soil 
Waring and Bremner (1964) demonstrated that the results obtained by 
anaerobic and aerobic methods of assessing potentially available organic N 
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Table 3« Effect of varying time of distillation on ammonia-N value 
obtained by method described 
Time of distillation (min) 
Soil 6 7 8 9 10 
Ammonia-N value (yg g~^ soil) 
Sao Jeronimo C 8 .3 9 .3 10 .1 10 .8 11 .5 
Camaqua 11 .6 12 .4 13 .1 13 .6 14 .3 
Passo Fundo C 11 .0 12 .4 13 .5 14 .3 15 .1 
Vila C 27 .7 30 .4 33 .1 35 .7 37 .8 
Bage 30 .3 33 .1 35, .8 38 .1 40, .3 
Santo Angelo C 19 .1 21, .2 23. ,0 24 .7 25, .4 
Uruguaiana 33 .3 36. 7 39. 3 41, .9 44. 2 
Vacaria 37 .4 42. 2 46, .0 49. 3 52. ,1 
Erechim 62, .0 73. .9 80. ,1 83. ,0 86. ,4 
Average 26, .7 30. ,2 32. 7 34. 6 36. ,3 
25 
Table 4, Effect of soil particle size on ammonia-N value obtained by 
method described^ 
Soil particle size (mm) 
Soil <2.0 <1.0 <0.5 
— — , Ammonia-N value (yg g~^ soil) —— 
Sao Jeronimo C 12.0 12.4 12.5 
Passo Fundo C 15.4 15.9 16.0 
Tupancireta 16.1 16.4 16.8 
Passo Fundo 23.1 23.0 23.1 
Bage 26.9 26.5 26.6 
Vila 48.6 48.6 50.0 
Santa Maria 32.4 32.9 33.7 
Estacao C 37.4 37.8 38.8 
Erechim 76.0 76.2 76.5 
Average 32.0 32.2 32.7 
^ 4.0-g samples of soil crushed to pass through a 2.0-, 1.0-, or 
0.5-mm screen were steam distilled with 40 mL of phosphate-borate buffer 
for 8 min. 
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in soil increase markedly with decrease in the particle size of the soil 
sample analyzed and that it is therefore essential to standardize the 
method of grinding and sieving soil samples for analysis by these methods. 
Such standardization is not necessary for satisfactory use of the method 
described here because studies reported in Table 4 showed that the results 
obtained by this method with soil samples crushed to pass through a 2-mm 
screen as recommended were not significantly affected if these samples 
were crushed to pass through a 1.0- or 0.5-mm screen before analysis. 
Air-drying and air-dry storage of soil 
One of the major problems in use of incubation methods of assessing 
potentially available organic N in soil is that the results obtained by 
these methods are markedly affected by air-drying and air-dry storage of 
the soil sample before analysis (Keeney and Bremner, 1965a). This is not 
a problem with the chemical method described here because the results 
obtained by this method are not appreciably affected by air-drying or air-
dry storage of the soil sample. This is illustrated by Table 5, which 
shows results obtained in studies of the effects of air-drying and air-dry 
storage of seven soil samples on the ammonia-N values obtained by the 
method described. 
Precision 
The high precision of the method described is illustrated by Table 6, 
which shows the results of replicate analyses of eight soils differing 
appreciably in pH (5.0-5.2), texture (18-55% clay, 16-69% sand), and 
organic-carbon content (1.23-2.92?). When expressed as ]jg of NH^-N g~^ 
soil, the ammonia-N values obtained with these soils by the method 
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Table 5. Effects of air-drying and air-dry storage of soil on ammonia-N 
value obtained by method described 
Soil 
Ammonia-N value (yg g~^ soil)^ 
FM AD ADS1 ADS2 ADS4 
Sao Jeronimo C 11.9 12.4 12.2 12.5 12.4 
Bom Retiro 9.2 10.5 10.7 11.0 10.8 
Bage 32.5 32.8 32.9 32.8 33.0 
Vila 30.7 31.0 31.0 31.7 31.6 
Uruguaiana 34.0 36.0 35.9 36.6 36.6 
Ciriaco 56.5 56.5 55.5 57.1 57.0 
Vacaria 55.0 55.5 55.8 55.1 56.0 
Average 32.8 33.6 33.6 34.0 33.9 
^ FM, field-moist soil; AD, air-dried soil; ADS, air-dried and stored 
soil (figure after S indicates time of storage in weeks). 
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Table 6. Precision of method described 
Soil 
Ammonia-N value (yg g"^ soil)^ 
Range Mean SD 
Rio Pardo 12.9 - 13.5 13.3 0.4 2.7 
Cruz Alta 18.0 — 18.6 19.3 0.3 1.6 
Vila C 33.0 - 33.8 33.1 0.5 1.5 
Passe Fundo 21.3 - 22.4 21.9 0.5 2.1 
Bage 35.1 - 36.4 35.7 0.6 1.6 
Uruguaiana 39.8 - 41.7 40.7 0.8 1.9 
Santo Angelo 44.8 - 45.8 45.3 0.4 0.9 
Ciriaco 58.4 - 60.3 59.2 1.0 1.6 
^ Four replicate analyses; SD, standard deviation. 
^  CV ,  c o e f f i c i e n t  o f  v a r i a t i o n  i % ) .  
described ranged from 13-3 to 59.2 (average, 33.6), and the standard 
deviation (SD) of these values ranged from 0.3 to 1.0 (average, 0.6). The 
high precision of the method is probably due largely to the fact that it 
uses a substantial amount of soil (4.0 g) and does not involve extraction, 
filtration, or transfer steps. 
Comparison with Incubation Methods 
Figure 1 shows the relationship observed between the ammonia-N values 
obtained by the method described with the 33 soils listed in Table 1 and 
the ammonium-N values obtained with these soils by the anaerobic 
incubation method used for comparison [the incubation method recommended 
for assessing potentially available organic soil N in the recent revision 
of the ASA monograph "Methods of Soil Analysis" (Keeney, 1982)]. The data 
reported in Figure 1 show that the results obtained by these two methods 
were highly correlated (r = 0.95 ) and indicate that the rapid and 
simple chemical method described provides a very good index of potentially 
available organic soil N and merits consideration for use in soil testing 
laboratories. This conclusion is supported by Figures 2 and 3, which show 
that the results obtained by the chemical method described were also 
***^ 
closely related (r = 0.90 ) to those obtained by the two aerobic 
incubation methods used for comparison. 
Results with Organic Nitrogen Compounds 
As noted by Bremner (1955a), no chemical reagent is likely to fully 
simulate the activities of soil microorganisms or to release selectively 
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Figure 1. Relationship between azmnonia-N value obtained by method 
described and ammonium-N produced by anaerobic incubation of 
soil at W°c for 7 days (33 soils). 
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y = 10.6 + 0.362X 
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Figure 2. Relationship between ammonia-N value obtained by method 
described and (ammonium + nitrate + nitrite)-N produced by 
aerobic incubation of soil at 30°C for 14 days (33 soils). 
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y = 13.22 + 0.345X 
r = 0.90 
(NHJ+NO3+NO2)-N PRODUCED ON INCUBATION 
(ug g-^ soil) 
Figure 3. Relationship between ammonia-N value obtained by method 
described and (ammonium + nitrate + nitrite)-N produced by 
aerobic incubation of soil at 35°C for 14 days (33 soils). 
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the fraction of soil N which is made available by these microorganisms, 
and the fact that the chemical method described gives results that are 
closely related to those obtained by incubation methods certainly does not 
mean that all or even most of the ammonia-N produced by steam distillation 
of the soils studied with pH 11.2 phosphate-borate buffer for 8 min was 
derived from ammonium produced by hydrolysis of organic compounds that 
were also the source of the N mineralized by aerobic or anaerobic 
incubation of these soils. It is, nevertheless, of interest to note that 
tests with 50 organic N compounds, including all the organic N compounds 
that have been detected in significant amounts in soils or soil 
hydrolysates (Bremner, 1965c; Stevenson, 1982), showed that only four of 
these compounds, namely glucosamine, galactosamine, asparagine, and 
glutamine, decomposed with formation of ammonia-N under the conditions of 
the method described. The compounds tested included three hexosamines 
(glucosamine, N-acetylglucosamine, and galactosamine), three amides 
(glutamine, asparagine, and urea), five purines (adenine, guanine, 
xanthine, hypoxanthine, and uric acid), four pyrimidines (thymine, uracil, 
cytosine, and alloxan), 28 amino acids (aspartic acid, glutamic acid, 
glycine, alanine, valine, norvaline, leucine, isoleucine, norleucine, 
serine, threonine, phenylserine, glucosaminic acid, phenylalanine, 
tyrosine, cystine, cysteine, cysteic acid, methionine, arginine, lysine, 
ornithine, citrulline, a-amino-n-butyric acid, Y-amino-n-butyric acid, 
proline, hydroxyproline, and S-alanine), and seven miscellaneous compounds 
(biuret, creatine, betaine, choline, nicotinic acid, allantoin, and 
hydantoin). When calculated as a percentage of total N in the compounds 
studied, the ammonia-N released from the four compounds that yielded 
ammonia under the conditions of the method described ranged from more than 
902 with glucosamine to less than 2% with asparagine (the method was 
applied to samples of these compounds containing 500 yg of N). 
Application of Method 
Although the work reported here was confined to Brazilian soils, work 
reported in Part III showed that the results obtained when the method 
described was applied to 30 Iowa surface soils selected to obtain a wide 
range in properties were highly correlated with the N mineralization 
potential (N^) values of these soils calculated as described by Stanford 
and Smith (1972) and with the results of aerobic and anaerobic incubation 
methods of assessing potentially available organic N in these soils. 
The method described is well suited for use in soil testing 
laboratories because it does not involve extraction, filtration or 
transfer steps and is rapid, simple, and precise (if two distillation 
units are used, a single operator can easily perform more than 50 analyses 
in a normal working day). It should be emphasized, however, that this 
method is proposed only for assessment of potentially available organic II 
in soil and that inorganic soil N and factors such as climate and 
management must be taken into consideration when this method is used to 
aid prediction of N fertilizer requirements. As noted by Keeney (1982), 
it is now well established that in climates where extensive leaching or 
denitrification do not normally occur before planting or during the 
growing season, the inorganic N in the root zone should be taken into 
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account in prediction of N fertilizer requirements. An important 
advantage of the method described is that the steam distillation apparatus 
and several of the reagents used in the method can also be used for 
determination of inorganic N in soil by the rapid steam distillation 
methods described by Bremner and Keeney (1966) and Keeney and Bremner 
(1965c). 
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SUMMARY 
A rapid steam distillation method of assessing potentially available 
organic N in soil is described. It involves determination of the ammonia-
N produced by steam distillation of the soil sample with pH 11.2 
phosphate-borate buffer solution for 8 min. The method is simple and 
precise, and its results are not significantly affected by air-drying or 
air-dry storage of the soil sample before analysis. It is well suited for 
use in soil testing laboratories because it does not require filtration or 
transfer steps. Studies using 33 Brazilian soils showed that the results 
obtained by this method were highly correlated with those obtained by 
aerobic and anaerobic incubation methods of assessing potentially 
available organic N in soil. 
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PART II. A SIMPLE CHEMICAL METHOD OF ASSESSING POTENTIALLY 
AVAILABLE ORGANIC NITROGEN IN SOIL 
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INTRODUCTION 
The need for satisfactory laboratory methods of obtaining an estimate 
of the amount of N likely to be made available for crop growth by 
mineralization of soil organic matter during the growing season has long 
been evident, and numerous biological and chemical methods have been 
proposed (Bremner, 1965a; Dahnke and Vasey, 1973; Keeney, 1982; Stanford, 
1982). It is generally accepted that the most reliable methods currently 
available for assessment of potentially available organic N in soil are 
those involving determination of the inorganic N produced by incubation of 
the soil sample under aerobic or anaerobic conditions for various times, 
but these biological methods are not simple and rapid enough for use in 
soil testing laboratories, and there is an urgent need for a rapid 
chemical method of assessing potentially available organic soil N that is 
suitable for use in such laboratories. 
The chemical method that has received the most attention in recent 
years is the procedure proposed by Stanford and Smith (1976), which 
involves determination of the ammonium-N produced by autoclaving the soil 
sample with 0.01 M CaCl2 at 121°C for 16 hours. This method, which is a 
modification of a method proposed by Smith and Stanford (1971), is much 
too complicated for use in soil testing laboratories because it requires 
three extractions (two to remove ammonium-N present in the soil sample 
before autoclaving, one to extract the ammonium-N present after 
autoclaving), and it uses a time-consuming microdiffusion technique for 
determination of ammonium. The chemical method recommended in the recent 
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revision of the American Society of Agronomy (ASA) monograph on "Methods 
of Soil Analysis" (Keeney, 1982) is a modification of this CaCl^ method in 
which the ammonium-N initially present in the soil sample is not removed 
before autoclaving (it is determined by a separate analysis if necessary), 
and the ammonium-N present after autoclaving is determined by direct steam 
distillation of the autoclaved soil-CaCl^ suspension with MgO for 4 min. 
This modified CaCl^ method is much simpler than the original procedure, 
but in work with Iowa soils reported in Part III, I found that its results 
were not as closely related to those obtained by anaerobic or aerobic 
incubation methods as were the results obtained by a chemical method 
proposed by Oien and Selmer-Olsen (1980), which involves determination of 
the ammonium-N produced when the soil sample is heated with 2 M KCl in a 
stoppered tube at 80°C for 20 hours. This KCl procedure is much simpler 
than the CaCl^ method proposed by Stanford and Smith (1976), and work 
using diverse Danish soils showed that its results were closely related to 
those obtained by an aerobic incubation method (Oien and Selmer-Olsen, 
1980) and to N uptake by oat plants in pot experiments (Selmer-Olsen et 
al., 1981). It is not suitable, however, for use in soil testing 
laboratories because, besides involving a 20-hour period of heating of the 
soil-KCl mixture in a water bath maintained at 80°C, it requires 
subsequent filtration of this mixture and transfer of an aliquot of the 
filtrate to an automated analyzer for ammonium analysis. 
I describe here a rapid and simple KCl method of assessing 
potentially available organic N in soil that is suitable for use in soil 
testing laboratories. In this method, the soil sample is heated with 2 M 
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KCl for 4 hours in a stoppered tube placed in a 40-tube block digester 
maintained at 100°C, and the ammonium-N produced by this treatment is 
determined by direct steam distillation of the soil-KCl mixture with MgO 
for 5 min. Besides being simple and precise, this method has two 
important advantages. One is that it does not require filtration or 
transfer steps. The other is that the steam distillation apparatus, block 
digester, and some of the reagents used also serve for determination of 
total soil N as described by Bremner and Breitenbeck (1983) and for 
determination of inorganic soil N as described by Bremner and Keeney 
( 1 9 6 6 ) .  
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MATERIALS AND METHODS 
Soils 
The soils used (Table 1) were surface (0-20 cm) samples of 33 
Brazilian soils selected to obtain a range in organic-matter content 
(0.50-4.42% organic C), total N content (0.045-0.380? N), texture (7-84% 
sand, 6-58% silt, 7-68% clay), and pH (4.6-6.4). Unless otherwise 
specified, the samples were from uncultivated soils and were air-dried and 
crushed to pass through a 2-mm screen before use. The analyses reported 
in Table 1 were performed as described by Zantua and Bremner (1975). 
Chemical Method of Assessing Potentially Available 
Organic Nitrogen in Soil 
Steam distillation apparatus 
The apparatus used has been described (Bremner and Breitenbeck, 
1983). It is designed so that the 100-mL Pyrex tubes used for Kjeldahl 
digestion of soils and plant materials in the 40-tube block digesters 
supplied by Tecator, Inc. and Technicon Instruments Corporation can be 
attached to the apparatus for direct determination of the ammonium 
produced by Kjeldahl digestion (Bremner and Breitenbeck, 1983). Before 
use, the apparatus should be steamed out for about 10 min to remove traces 
of NHg, and the rate of steam generation should be adjusted so that about 
5 mL of distillate are collected per min. 
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Block digester and digestion tubes 
The 40-tube block digesters and 100-mL Pyrex digestion tubes supplied 
by Tecator, Inc. or Technicon Instruments Corporation can be used. If 
Technicon digestion tubes are used, the Teflon tubing attached to the end 
of the glass tube of the distillation apparatus that delivers steam to the 
digestion tube must be shortened by 5 cm because Technicon digestion tubes 
are 5 cm shorter than Tecator tubes. 
Reagents 
Potassium chloride (KCl) solution, approximately 2 M Dissolve 3 
kg of KCl in 20 liters of distilled water. 
Magnesium oxide (MgO) Prepare as described Bremner and Keeney 
(1955). 
Boric acid-indicator solution Prepare as described by Bremner and 
Keeney (1955). 
Sulfuric acid solution 0.005 N standard. 
Procedure 
Place a 3-g sample of <2-mm soil in a 100-mL Tecator or Technicon 
digestion tube (25 mm x 300 mm), add 20 mL of 2 M KCl, seal the tube with 
a rubber stopper, and place the tube in a Tecator or Technicon block 
digester maintained at 100°C. After 4 hours, remove the tube from the 
block digester, and allow it to cool to room temperature. 
To determine ammonium-N in the soil-KCl mixture, add 5 mL of boric 
acid-indicator solution to a 50-mL Erlenmeyer flask marked to indicate a 
volume of 30 mL, and place the flask under the condenser of the steam 
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distillation apparatus so that the end of the condenser is about 4 cm 
above the surface of the boric acid solution. Then add 0.2 g of MgO to 
the soil-KCl mixture in the digestion tube, connect the tube to the steam 
distillation apparatus, and immediately commence steam distillation by 
closing the stopcock on the steam-bypass tube of the distillation 
apparatus. When the distillate reaches the 30-mL mark on the receiver 
flask, stop the distillation by opening the stopcock on the steam-bypass 
tube, and determine ammonium-N in the distillate by titration with 0.005 N 
HgSOy from a 5-mL buret graduated at O.OI-mL intervals (1 mL of 0.005 N 
HgSOy = 0.07 mg of ammonium-N). To determine the ammonium-N initially 
present in a 3-g sample of the soil, follow the same procedure but do not 
heat the soil KCl-mixture before distilling it with 0.2 g of MgO, and 
calculate the ammonium-N produced by heating the sample with 2 M KCl as 
the difference between the results of these two analyses. 
Biological Methods of Assessing Potentially Available 
Organic Nitrogen in Soil 
Anaerobic incubation method 
The method used was the waterlogged incubation method of Waring and 
Bremner (1964) modified as described by Keeney and Bremner (1956a). It 
involved determination of the ammonium-N produced when 5 g of soil were 
incubated under waterlogged conditions at 40°C for 7 days. 
Aerobic incubation methods 
Two methods were used. One was the procedure described by Keeney and 
Bremner (1967) involving determination of the (ammonium + nitrate + 
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nitrite)-N produced when 10 g of soil are mixed with 30 g of 30- to 
60-mesh quartz sand, moistened with 5 mL of distilled water, and incubated 
under aerobic conditions at 30°C for 14 days. The other method used was 
the procedure described by Stanford and Smith (1972) involving 
determination of the (ammonium + nitrate + nitrite)-N produced when 15 g 
of soil mixed with 15 g of 30- to 60-mesh quartz sand are incubated under 
aerobic conditions at 35°C for 14 days after leaching with 100 mL of 
0.01 M CaClg and 25 mL of a N-free nutrient solution. 
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RESULTS AND DISCUSSION 
Development of Method 
The method described was developed from systematic studies of factors 
affecting the amount of ammonium-N produced by heating soil with 2 M KCl 
in a stoppered tube at 100°C. The factors studied included the amount of 
soil and the volume of 2 M KCl used, the time of heating with 2 M KCl at 
100°C, the time of steam distillation with MgO, the particle size of the 
soil, and pretreatments of the soil sample before analysis (air-drying and 
air-dry storage). 
Amount of soil and volume of 2 M KCl 
Studies of the effect of varying the amount of soil and the volume of 
2 M KCl in the method described showed that, when expressed as Ug of 
g""' soil, the ammonium-N values obtained by the method were 
practically identical whether 3.0-, 4.0-, or 5.0-g samples of soil were 
used or if these samples were heated with 10 or 20 mL of 2 M KCl (Table 
7). A method involving use of 3-0 g of soil and 20 mL of 2 M KCl was 
adopted because the ammonium-N values obtained by this method were 
slightly higher and more precise than those obtained using 4.0 or 5.0 g of 
soil and 10 or 20 mL of 2 M KCl or 3-0 g of soil and 10 mL of 2 M KCl. 
Time of heating with 2 M KCl 
Table 8 shows the results obtained with nine soils in studies of the 
effect of varying the time of heating with 2 M KCl in the method 
described. The data reported show that, although the amount of ammonium-N 
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Table 7. Effect of varying amount of soil and volume of 2 M KCl on 
amount of ammonium-N found after treatment of soil with 
2 M KCl at 100°C for 4 hours* 
Amount of Volume of Ammonium-N 
Soil soil 2 M KCl found 
g mL —1 US g 
Sao Jeronimo C 3.0 
4.0 
5.0 
10 
10 
10 
9.5 
9.2 
9.2 
3.0 
4.0 
5.0 
20 
20 
20 
9.9 
9.8 
9.8 
Uruguaiana 3.0 
4.0 
5.0 
10 
10 
10 
28.4 
28.2 
28.1 
3.0 
4.0 
5.0 
20 
20 
20 
28.9 
28.6 
28.2 
Erechim 3.0 
4.0 
5.0 
10 
10 
10 
74.1 
73.6 
73.8 
3.0 
4.0 
5.0 
20 
20 
20 
75.8 
74.5 
74.0 
^ 3.0-, 4.0-, or 5.0-g samples of soil were heated (100°C) with 
10 or 20 mL of 2 M KCl for 4 hours. 
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Table 8. Amounts 
2 M KCl 
of ammonium-N produced 
for various times 
by heating O
 
o
 o
 
o
 
soils with 
Time of heating with 2 M KCl (hours) 
Soil 2 4 6 8 
Ammonium-N produced (yg g~ soil) ——— 
Bom Retiro 6.3 6.5 6.8 7.0 
Tupancireta 6.6 8.8 12.2 14.1 
Vila C 14.7 23.6 37.7 49.1 
Alto Canas 8.3 9.7 12.4 15.6 
Santo Angelo C 12.8 15.3 16.9 18.8 
Uruguaiana 10.7 13.9 18.0 20.9 
Santo Angelo 20.0 25.0 35.1 43.6 
Vacaria 18.8 26.3 32.2 37.4 
Erechim 38.0 54.7 65.9 74.4 
Average 15.1 20.4 26.4 31.2 
^ 3.0-g samples of soil were heated (100°C) with 20 mL of 2 M KCl 
for the times specified. 
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produced by heating each soil with 2 M KCl increased as the time of 
heating was increased from 2 to 8 hours, the effect of increasing the time 
of heating differed markedly among soils. For example, the effect 
observed with the Bom Retiro soil was much smaller than that observed with 
the Vila soil. A 4-hour period of heating was adopted because, when the 
ammonium-N values obtained by the method described using different periods 
of heating with 2 M KCl were compared with those obtained by the anaerobic 
incubation method used for comparison, the correlation observed with the 
values obtained by heating for 4 hours was almost identical to that 
observed with the values obtained by heating for 5 or 8 hours and was 
higher than the correlation observed with the values obtained by heating 
for 2 hours. A 4-hour period of heating was also preferred because it 
allowed the block digester to be used twice in a normal working day. 
I stoppered the tube used for heating soil with 2 M KCl in the method 
described because I assumed that heating in an unstoppered tube would lead 
to some loss of ammonium-N as NH^. This assumption is supported by Table 
9, which shows that the amounts of ammonium-N found after heating samples 
of ten soils with 2 M KCl at 100°C in unstoppered tubes were much smaller 
than the amounts found using stoppered tubes. 
Time of distillation 
Studies using 20 of the soils described in Table 1 showed that the 
ammonium-N values obtained with these soils by the method described were 
not significantly affected if the time of steam distillation of the soil-
KCl suspension with MgO was increased from 5 min (the recommended time) to 
6 or 7 min. The organic-C contents of the soils used in these studies 
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Table 9. Amounts of ammonium-N found after heating (100°C) soils 
with 2 M KCl in stoppered and unstoppered tubes for 4 
hours 
NHy*-N found after 4 hours 
Unstoppered Stoppered 
Soil tube tube 
yg g"^ soil 
Sao Jeronimo C 12.6 16.6 
Bom Retiro 9.0 10.5 
Tupancireta 15.0 18.3 
Alto Canas 17.3 19.8 
Vila C 26.1 35.8 
Uruguaiana 23.7 28.1 
Santo Angelo 48.3 53.8 
Ciriaco 57.2 67.7 
Vacaria 43.7 50.9 
Erechim 62.3 77.0 
Average 31.5 37.8 
^ 3.0-g samples of soil were heated (100°C) with 20 mL of 
2 M KCl in unstoppered or stoppered tubes for 4 hours. 
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ranged from 0.50 to 4.42%. 
Particle size of soil 
Waring and Bremner (1964) demonstrated that the results obtained by-
anaerobic and aerobic methods of assessing potentially available organic N 
in soil increase markedly with decrease in the particle size of the soil 
sample analyzed and that it is therefore essential to standardize the 
method of grinding and sieving soil samples for analysis by these methods. 
Such standardization is not necessary for satisfactory use of the* method 
described here because studies reported in Table 10 showed that the 
results obtained by the method with soil samples crushed to pass through a 
2-mm screen as recommended were not significantly affected if these 
samples were crushed to pass through a 1.0- or 0.5-mm screen before 
analysis. 
Air-drying and air-dry storage of soil 
One of the major problems in use of incubation methods of assessing 
potentially available organic N in soil is that the results obtained by 
these methods are markedly affected by air-drying and air-dry storage of 
the soil sample before analysis (Keeney and Bremner, 1956a). This is not 
a problem with the chemical method described here because the results 
obtained by this method are not appreciably affected by air-drying or air-
dry storage of the soil sample. This is illustrated by Table 11, which 
shows results obtained in studies of the effects of air-drying and air-dry 
storage of seven soil samples on the ammonium-N values obtained by the 
method described. 
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Table 10. Effect of soil particle size on ammonium-N value obtained 
by method described 
Soil 
Soil particle size (mm) 
<2.0 <1.0 <0.5 
— Ammonium-N value (yg g~^ soil) — 
Sao Jeronimo C 5.5 5.0 5.0 
Passo Fundo C 7.2 7.2 7.9 
Passo Fundo 9.0 8.5 9.2 
Santo Angelo 13.6 13.7 14.1 
Santa Maria 12.2 12.7 12.4 
Estacao C 19.7 20.6 20.7 
Erechim 51.1 54.1 54.9 
Average 17.3 17.4 17.7 
^ 3.0-g samples of soil crushed to pass through a 2.0-, 1.0-, or 
0.5-mm screen were heated (100°C) with 20 mL of 2 M KCl for 4 hours. 
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Table 11. Effects of air-drying and air-dry storage of soil on ammoniura-N 
value obtained by method described 
Soil 
Ammonium-N value (yg g~^ soil)^ 
FM AD ADS1 ADS2 ADS4 
Bom Retiro 6.1 6.9 6.8 7.0 7.0 
Tupancireta 9.4 9.5 9.6 9.8 9.8 
Bage 25.8 26.9 26.8 27.1 27.4 
Uruguaiana 15.6 16.0 16.5 16.9 17.3 
Santo Angelo 22.7 23.1 23.2 23.1 23.2 
Ciriaco 33.3 33.7 33.5 33.6 33.5 
Erechim 56.0 56.8 56.8 56.9 56.7 
Average 24.1 24.9 24.7 24.9 25.0 
^ FM, field-moist soil; AD, air-dried soil; ADS, air-dried and 
stored soil (figure after S indicates time of storage in weeks). 
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Precision 
The high precision of the method described is illustrated in Table 
12, which shows the results of replicate analyses of eight soils differing 
significantly in pH (5.1-6.2), texture (14-68% clay, 7-75% sand), and 
organic-carbon content (0.64-3.60%). When expressed as yg of g""* 
soil, the ammonium-N values obtained with these soils ranged from 6.2 to 
37.9 (average, 19.8), and the standard deviation (SD) of the ammonium-N 
values ranged from 0.2 to 0.6 (average, 0.3). The high precision of the 
method is probably due largely to the fact that it does not require 
filtration or transfer steps. 
Comparison with Incubation Methods 
Figure 4 shows the relationship observed between the ammonium-N 
values obtained by the method described with the 33 soils listed in Table 
1 and the ammonium-N values obtained with these soils by the anaerobic 
incubation method used for comparison the incubation method of assessing 
potentially available organic soil N recommended in the recent revision of 
the ASA monograph on "Methods of Soil Analysis" (Keeney, 1982) . The data 
in Figure 4 show that the results obtained by these two methods were 
»** 
highly correlated (r = 0.95 ) and indicate that the rapid and simple 
chemical method described provides a very good index of potentially 
available organic soil N and merits consideration for use in soil testing 
laboratories. This conclusion is supported by Figures 5 and 6, which show 
that the results obtained by the chemical method described were also 
closely related to those obtained by the two aerobic incubation methods 
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Table 12. Precision of method described 
Soil 
Ammonium-N value 
Range 
(yg g~^ 
Mean 
soil)^ 
SD CV^ 
Bom Retiro 6.2 6.6 6.4 0.2 2.6 
Tupancireta 9.4 
- 9.9 9.7 0.2 2.2 
Vila C 24.1 - 24.6 24.4 0.2 0.9 
Passo Fundo 11.1 - 12.0 11.7 0.4 3.4 
Uruguaiana 14.0 - 14.7 14.2 0.3 2.4 
Santo Angelo 26.5 - 27.9 27.1 0.6 2.2 
Ciriaco 37.0 - 37.9 37.5 0.4 1.0 
Vacaria 27.0 - 28.0 27.5 0.4 1.5 
^ Four replicate analyses; SD, standard deviation. 
^ CV, coefficient of variation {%). 
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used for comparison. 
If a block digester is not available, a bath containing boiling water 
can be used to perform the heating of the soil sample with 2 M KCl for 4 
hours, but the ammonium-N values obtained using a water bath are not as 
precise as those obtained using a block digester and they are 
approximately 10? lower than those obtained by the method recommended. 
Studies using the 33 soils described in Table 1 showed that the results 
*$* 
obtained using a water bath were very closely related (r = 0.99 J to 
those obtained using a block digester and were highly correlated 
***^ 
(r = 0.93 ) with those obtained by the anaerobic incubation method 
recommended by Keeney (1982). The lower values and lower precision 
observed using a water bath are probably due to the fact that the 
temperature of heating was nearer to 99°C than to 100°C and the tubes used 
were-fitted with stoppers having a small (ca. 1-mm diameter) central hole 
that may have permitted some loss of ammonium-N as (solid stoppers 
could not be used when a water bath was employed). 
Results with Organic Nitrogen Compounds 
Tests using 50 organic N compounds, including all the organic N 
compounds that have been detected in significant amounts in soils or soil 
hydrolysates (Bremner, 1965c; Stevenson, 1982), showed that only eight of 
these compounds, namely glucosamine, N-acetylglucosamine, galactosamine, 
asparagine, glutamine, urea, cysteine, and cystine, decomposed with 
formation of ammonium-N under the conditions of the method described. The 
compounds tested included three hexosamines (glucosamine, N-acetyl-
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y = 2.11 + 0.32X 
r = 0.95 
NHÎ-N PRODUCED ON INCUBATION 
(ug g-^ soil) 
Figure Relationship between ammonium-N value obtained by method 
described and ammonium-N produced by anaerobic incubation of 
soil at 40°C for 7 days (33 soils). 
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y = 6.63 + 0.24X 
r = 0.92 
(NHJ+NO3+NO2)-N PRODUCED ON INCUBATION 
(jjg g-^ soil) 
Figure 5- Relationship between ammonium-N value obtained by method 
described and (ammonium + nitrate + nitrite)-N produced by 
aerobic incubation of soil at 30°C for 14 days (33 soils). 
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y = 4.04 + 0.25X 
r = 0.93 
200 (NHJ+NO3+NO2)-N PRODUCED ON INCUBATION 
{ug g"^ soil) 
Figure 5. Relationship between ammonium-N value obtained by method 
described and (ammonium + nitrate + nitrite)-N produced by 
aerobic incubation of soil at 35°C for 14 days (33 soils). 
60 
glucosamine, and galactosamine), three amides (glutamine, asparagine, and 
urea), five purines (adenine, guanine, xanthine, hypoxanthine, and uric 
acid), four pyrimidines (thymine, uracil, cytosine, and alloxan), 28 amino 
acids (aspartic acid, glutamic acid, glycine, alanine, valine, norvaline, 
leucine, isoleucine, norleucine, serine, threonine, phenylserine, 
glucosaminic acid, phenylalanine, tyrosine, cystine, cysteine, cysteic 
acid, methionine, arginine, lysine, ornithine, citrulline, cx-amino-n-
butyric acid, y-amino-n-butyric acid, proline, hydroxyproline, and 
S-alanine), and seven miscellaneous compounds (biuret, creatine, betaine, 
choline, nicotinic acid, allantoin, and hydantoin). When calculated as a 
percentage of total N in the compounds studied, the ammonium-N released 
from the eight compounds that yielded ammonium under the conditions of the 
method described decreased in the order: galactosamine (49?) > glutamine 
(U2/o) > urea (34%) > glucosamine (31?) > cysteine (14%) > asparagine (12%) 
cystine (6%) > M-acetylglucosamine (3%) (the method was applied to samples 
of these compounds containing 500 yg of N). 
Application of Method 
Although the work reported here was confined to Brazilian soils, work 
reported in Part III showed that the results obtained when the method 
described was applied to 30 Iowa surface soils selected to obtain a wide 
range in properties were highly correlated with the N mineralization 
potential (N^) values of these soils calculated as described by Stanford 
and Smith (1972) and with the results of aerobic and anaerobic incubation 
methods of assessing potentially available organic N in these soils. 
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The method described is well suited for use in soil testing 
laboratories because it does not require filtration or transfer steps and 
is rapid, simple, and precise (if two distillation units are used, a 
single operator can easily perform more than 80 analyses in a normal 
working day). It should be emphasized, however, that this method is 
proposed only for assessment of potentially available organic N in soil 
and that inorganic soil N and factors such as climate and management must 
be taken into consideration when this method is used to aid prediction of 
N fertilizer requirements. As noted by Keeney (1982), it is now well 
established that in climates where extensive leaching or denitrification 
do not normally occur before planting or during the growing season, the 
inorganic N in the root zone should be taken into account in formulation 
of fertilizer N recommendations. An important advantage of the method 
described is that the steam distillation apparatus and several of the 
reagents used in the method can also be used for determination of 
inorganic soil N by the rapid steam distillation methods described by 
Bremner and Keeney (1966) and Keeney and Bremner (1956c). 
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SUMMARY 
A simple chemical method of assessing potentially available organic N 
in soil is described. It involves determination of the ammonium-N 
produced by treatment of the soil sample with 2 M KCl at 100°C for 4 hours 
in a block digester. The method is rapid and precise, and its results are 
not significantly affected by air-drying or air-dry storage of the soil 
sample before analysis. It is well suited for use in soil testing 
laboratories because it does not require filtration or transfer steps. 
Studies using 33 Brazilian soils showed that the results obtained by this 
method were highly correlated with those obtained by aerobic and anaerobic 
incubation methods of assessing potentially available organic N in soil. 
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PART III, COMPARISON OF CHEMICAL METHODS OF ASSESSING POTENTIALLY 
AVAILABLE ORGANIC NITROGEN IN SOIL 
The two chemical methods of assessing potentially available organic 
soil N described in Parts I and II were developed and evaluated by studies 
using 33 Brazilian soils. The purpose of the work reported here was to 
further evaluate these two methods by applying them to 30 Iowa soils and 
by comparing their results and those obtained by other chemical methods 
with the results of the incubation methods considered to be the best 
laboratory methods currently available for assessment of potentially 
available organic N in soil. The chemical methods studied included the 
acid KMnOy method proposed by Stanford and Smith (1978), an alkaline 
method described by Stanford (1978), the CaCl^-autoclave method 
recommended by Keeney (1982) in the recent revision of the American 
Society of Agronomy (ASA) monograph on "Methods of Soil Analysis", the 
NaHCO^ ultraviolet absorption method proposed by Fox and Piekielek 
(1978b), and modifications of the KCl method described in Part II. The 
incubation methods used were the anaerobic incubation method of Waring and 
Bremner (1964) modified as described by Keeney and Bremner (1966a), the 
aerobic incubation method described by Keeney and Bremner (1967), and a 
modification of the aerobic incubation method proposed by Stanford and 
Smith (1972). The chemical methods used were also evaluated by comparing 
their results with the M mineralization potential (N^) values of the soils 
studied as calculated by a modification of the procedure described by 
Stanford and Smith (1972). 
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MATERIALS AND METHODS 
Soils 
The soils used (Table 13) were surface (0-15 cm) samples of 30 Iowa 
soils selected to include samples of most of the major soil types in Iowa 
and obtain a wide range in organic-matter content (0.32-9.10? organic C), 
total N content (0.030-0.735? N), texture (2-94? sand, 3-86? silt, 3-55? 
clay), and pH (4.8-8.3). Before use, each sample was air-dried and 
crushed to pass through a 2-mm screen. The analyses reported in Table 13 
were performed as described by Zantua and Bremner (1975). 
Methods of Assessing Potentially Available Organic Soil Nitrogen 
Chemical methods 
Method 1 This involved determination of organic carbon (C) in the 
soil sample by the wet oxidation method described by Mebius (I960). 
Method 2 This involved determination of total nitrogen (N) in the 
soil sample by the semimicro-Kjeldahl procedure described by Bremner and 
Breitenbeck (1983). 
Method 3 This was the method described in Part II involving 
determination of the ammonium-N produced by treatment of the soil sample 
with 2 M KCl at 100°C for 'A hours. 
Method 4 This was a modification of method 3 in which the soil 
saaple was heated with 2 M KCl in a stoppered tube at 95°C for 16 hours 
instead of at 100°C for 4 hours. 
Method 5 This was essentially the KCl method proposed by 
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Table 13. Properties of soils used 
Soil Organic Total 
Series Subgroup^ PH CCE*) C N Sand Silt Cla: 
<L _ 
Thurman UHL 5.4 0 0.32 0.030 94 3 3 
Storden TUT 8.1 20.6 0.34 0.034 51 31 18 
Dickinson THL 6.3 0 0.53 0.050 90 5 5 
Buckney EHL 8.3 29.8 0.70 0.050 80 6 14 
Sparta EHL 5.5 0 0.74 0.061 75 16 9 
Ida TUT 8.1 10.3 0.94 0.097 9 68 23 
Dickinson THL 5.3 0 1.26 0.120 58 28 14 
Clarinda TAL 5.9 0 1.41 0.139 9 45 46 
Clarion THL 6.5 0 1.43 0.160 62 11 27 
Monona THL 6.4 0 1.62 0.156 4 70 26 
Shelby TAL 5.9 0 1.66 0.211 23 44 33 
Fayette THF 6.0 0 1.71 0.161 4 86 10 
Hayden THF 6.3 0 1.68 0.200 34 50 16 
Nicollet AHL 6.2» 0 1.98 0.152 46 32 22 
Muscatine AAL 6.6 0 2.05 0.220 10 57 33 
Marshall THL 5.9 0 2.21 0.219 2 43 55 
Grundy AAL 6.5 0 2.41 0.191 5 68 27 
Readlyn AHL 6.2 0 2.44 0.190 29 52 19 
Wacousta TPL 6.8 0 2.52 0.206 12 59 29 
Webster TPL 6.8 0 2.63 0.210 41 29 30 
Gal va THL 6.7 0.4 2.97 0.251 4 51 35 
Webster TPL 6.8 0 3.09 0.240 35 31 34 
Okoboji CHL 7.5 0.4 3.20 0.231 22 41 37 
Webster TPL 5.8 0 3.44 0.300 27 42 31 
Wacousta TPL 5.9 0 3.75 0.317 16 47 37 
Weller AHF 6.0 0 3.84 0.325 2 77 21 
Canisteo TPL 7.9 6.1 3.87 0.333 30 39 31 
Canisteo TPL 8.0 7.1 4.11 0.350 26 37 37 
Harps TCL 7.9 12.9 5.70 0.520 27 41 32 
Tillamook AHT 4.8 0 9.10 0.735 13 59 28 
UHL, Udorthentic Haplustoll; TUT, Typic Udorthent; THL, Typic 
Hapludoll; EHL, Entic Hapludoll; TAL, Typic Argiudoll; THF, Typic 
Hapludalf; AHL, Aquic Hapludoll; AAL, Aquic Argiudoll; TPL, Typic 
Haplaquoll; CHL, Cumulic Haplaquoll; AHF, Aquic Hapludalf; TCL, Typic 
Calciaquoll; AHT, Andic Haplumbrept. 
^ CaCOg equivalent. 
Oien and Selner-Olsen (1980). In the procedure used, 4.0 g of soil were 
placed in a 60-mL bottle and treated with 40 mL of 2 M KCl. The bottle 
was sealed with a rubber stopper and placed for 20 hours in a water bath 
maintained at 80°C. The bottle was then removed from the water bath, 
cooled to room temperature, and shaken manually for 10 to 15 sec. The 
soil-KCl suspension was filtered through a Whatman no. 42 filter paper, 
and the filtrate was analyzed for ammonium-N by the steam distillation 
procedure described by Brenner and Keeney (1956). The ammonium-N present 
in the soil sample before heating with 2 M KCl was determined by the 
method of Bremner and Keeney (1956), and the ammonium-N produced by 
heating with 2 M KCl was calculated as the difference between the results 
of these two analyses. 
Method 6 This was essentially the method proposed by Whitehead 
(1981). In the procedure used, 3-0 g of soil were treated with 20 mL of 
1 M KCl in a Pyrex digestion tube (25 mm x 300 mm), and the mixture was 
boiled gently for 1 hour in a Tecator block digester. The ammonium-N 
present after this treatment was determined by steam distillation of the 
soil-KCl mixture with MgO as described in Part II. The ammonium-N present 
before the treatment with 1 M KCl was also determined as described in Part 
II, and the ammonium-N produced by this treatment was calculated as the 
difference between the results of these two analyses. 
Method 7 This was a modification of method 6 in which the soil-
KCl mixture was heated in a stoppered tube at 100°C for 1 hour instead of 
being boiled in an unstoppered tube for 1 hour. 
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Method 8 This was the method described in Part I involving 
determination of the ammonia-N produced by steam distillation of the soil 
sample with pH 11.2 phosphate-borate buffer for 8 min. 
Method 9 This was the CaClg-autoclave method recommended by 
Keeney (1982) in the recent revision of the ASA monograph on "Methods of 
Soil Analysis". In the procedure adopted, 10 g of soil were treated with 
25 mL of 0.01 M CaCl^ in a 50-mL Pyrex test tube, and the tube was capped 
with A1 foil and placed in an autoclave at 121°C for 16 hours. The tube 
and its contents were allowed to cool to room temperature, and the soil-
CaClg mixture was transferred to a 200-mL distillation flask designed for 
use with the steam distillation apparatus described by Bremner (1965b), 
the transfer being completed by rinsing the tube with 25 mL of 4 M KCl. 
The ammonium-N present in the soil-CaClg-KCl mixture was then determined 
by steam distillation of the mixture with 0.2 g of MgO for 4 min as 
described by Keeney and Bremner (1966c). The ammonium-N present in the 
soil before autoclaving was determined by the steam distillation method 
described by Keeney and Bremner (1966c), and the ammonium-N produced by 
autoclaving was calculated as the difference between the results of these 
two analyses. 
Method 10 This was essentially the acid permanganate method 
proposed by Stanford and Smith (1978). In the procedure used, 1.0 g of 
soil was placed in a 50-mL plastic centrifuge tube and treated with 25 mL 
of 1 N HgSOy. The tube was then stoppered, shaken for 1 hour, and 
centrifuged. The supernatant liquid was discarded, the soil residue was 
treated with 25 mL of 0.05 N KMnO^: 1.0 N HgSO^ solution, and the tube was 
again stoppered, shaken for 1 hour, and centrifuged. Ammonium-N in the 
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supernatant liquid was determined by steam distillation of an aliquot with 
10 N NaOH. 
Method 11 This was essentially an alkaline permanganate method 
described by Stanford (1978). In the procedure followed, 1.0 g of soil 
was placed in a 100-mL distillation flask designed for use with the steam 
distillation apparatus described by Bremner (1965b) and treated with 10 mL 
of 0.25 N NaOH containing 0.1 g KMnO^, and the NH^-N released by steam 
distillation of this mixture for 4 min was determined as described by 
Bremner (1965b). The NH^-N released by steam distillation of 1.0 g of 
soil with 0.25 N NaOH (10 mL) for 4 min in the absence of KMnO^^ was also 
determined, and the NH^-N produced by KMnO^ oxidation was calculated as 
the difference between the results of these two analyses. 
Method 12 This was the NaHCO^ ultraviolet absorption method 
proposed by Fox and Piekielek (1978b). In this method, 5.0 g of soil were 
shaken with 100 mL of 0.01 M NaKCO^ for 15 min, and the resulting 
suspension was filtered through Whatman no. 42 filter paper. The 
absorption of the filtrate at 260 nm was then measured with a Model DB-GT 
Beckman spectrophotometer using matched quartz 1-cm cells. 
Biological methods 
Method 13 This was the waterlogged incubation method of Waring 
and Bremner (1954) modified as described by Keeney and Bremner (1966a). 
It involved determination of the ammonium-N produced when 5 g of soil were 
incubated under waterlogged conditions at 40°C for 7 days. 
Method 14 This was the aerobic incubation method described by 
Keeney and Bremner ( 1967). It involved determination of the (NH^"*" + 
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+ NOg'j-N produced when 10 g of soil were mixed with 30 g of 30- to 
50-mesh quartz sand, moistened with 5 mL of distilled water, and incubated 
under aerobic conditions at 30°C for 14 days. 
Method 15 This was a modification of the aerobic incubation method 
suggested by Stanford and Smith (1972), the modification being that the 
time of incubation was reduced from 30 to 12 weeks (Stanford and Smith, 
1972; Keeney, 1982). In the procedure used, 15 g of soil were thoroughly 
mixed with 15 g of water-washed quartz sand (30-50 mesh) and placed in a 
100-mL leaching tube fitted at its base with a plug of glass wool. The 
surface of the soil-sand mixture in the tube was then covered with a thin 
layer of glass wool, and mineral N [(NH^* + NO^" + N02~)-N] in the mixture 
was removed by leaching with 100 mL of 0.01 M CaCl^ in 5- to 10-mL 
increments, followed by 25 mL of a N-free nutrient solution [0.002 M 
CaSOy.2H20:0.002 M MgSO^:0.005 M Ca(H2P0^),.H20:0.0025 M KgSOy]. The 
moisture content of the soil-sand mixture was adjusted as described by 
Stanford and Smith (1972), and the tube was covered by a piece of plastic 
(Saran) film with a hole (0.5 cm in diameter) in the center and placed in 
an incubator maintained at 35°C. Mineral N produced by incubation of the 
soil-sand mixture at this temperature was removed by leaching after 2, 4, 
5, 8, and 12 weeks, leaching being performed with 100 mL of 0.01 M CaCl^ 
in 5- to 10-mL increments followed by 25 mL of a N-free nutrient solution. 
After each leaching, the moisture content of the soil-sand mixture was 
adjusted as described by Stanford and Smith (1972). Mineral N in the 
leachates was determined by the steam distillation method of Bremner and 
Keeney (1965). 
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Method 16 This was a modification of method 15 in which only the 
mineral N produced by incubation of the soil-sand mixture for 2 weeks was 
determined. 
Method 17 This involved calculation of the soil N mineralization 
potential value (N^) as defined by Stanford and Smith (1972) from the 
mineralizable N data obtained by method 15. In the procedure used, a 
Statistical Analysis System (SAS) computerized nonlinear least squares 
technique utilizing Marquardt's method (Barr et al., 1976) was used to fit 
the mineralizable N data obtained by method 15 to the first order equation 
^t ~ Ng^1-e"^^), where = yg mineral N produced per g of soil in time t 
(weeks), = N mineralization potential value expressed as ]Sg N g~^ soil, 
and k = N mineralization rate constant in weeks'^ (Talpaz et al., 1981; 
Griffin and Laine, 1983). Initial values for both and k were 
calculated from the N mineralized between 2 and 12 weeks. Final N values 
o 
were computed by adding the N mineralized during the 0 to 2 week period of 
incubation to the initial N values because Stanford and Smith (1972) 
o 
found that this procedure provided the most reliable estimate of (see 
also Griffin and Laine, 1983). 
J 2 
RESULTS AND DISCUSSION 
Table 14 shows the measurements performed in the 12 chemical methods 
and 5 biological methods used to obtain an index of potentially available 
organic N in the 30 soils studied. The results obtained by the chemical 
methods are reported in Tables 13, 15, and 16, and the results obtained by 
the biological methods are reported in Table 17. The correlation 
coefficients for the relationships between the results of the various 
chemical and biological methods used are reported in Table 18, and the 
correlation coefficients for the relationships between the results of the 
biological methods used are reported in Table 19. 
Methods 1 and 2 (Organic C and Total N) 
Organic soil C (method 1) and total soil N (method 2) were included 
as indexes of potentially available organic soil N because several workers 
have found that the results of biological and chemical methods of 
assessing soil N availability are closely related to total soil N, which 
in turn is closely related to organic soil C or soil organic-matter 
content, and several states are using soil organic-matter content as a 
basis for N fertilizer recommendations (see Keeney, 1982). Table 18 shows 
that the results obtained by method 1 (organic soil C) and method 2 (total 
soil N) were significantly related to those obtained by the biological 
methods, but that the correlation coefficients for these relationships 
were lower than those obtained with most of the other chemical methods 
used. Stanford and Smith (1978) concluded from work with 62 soils that 
total soil N is a poor index of soil N availability, and the data reported 
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Table 14. Methods used to obtain an index of potentially available 
organic N in soil 
Method Measurement performed 
Chemical methods 
1 Organic C 
2 Total N 
3 NHy*-N produced by heating soil with 2 M KCl at 100°C for 4 h 
4 NH^^-N produced by heating soil with 2 M KCl at 95°C for 15 h 
5 produced by heating soil with 2 M KCl at 80°C for 20 h 
6 produced by boiling soil with 1 M KCl for 1 h in 
unstoppered tube 
7 produced by heating (100°C) soil with 1 M KCl for 1 h in 
stoppered tube 
8 NH--N produced by steam distillation of soil with pH 11.2 
phosphate-borate buffer solution 
9 released on autoclaving soil treated with 0.01 M CaCl^ 
10 extracted from soil by acidic permanganate solution 
11 NH_-N produced by steam distillation of soil with alkaline 
permanganate solution 
12 Ultraviolet absorbance (260 nm) of NaHCO^ extract of soil 
Biological methods 
13 produced on anaerobic incubation of soil at 40°C for 7 d 
14 (NHy* + NO- + N0_ )-N produced on aerobic incubation of 
soil at 30°C for 2 weeks 
15 (NH^^ + NO, + N0_ )-N produced on aerobic incubation of 
soil at 35°C for 12 weeks 
16 (NHy* + NO, + NOp )-N produced on aerobic incubation of 
soil at 35°C for 2 weeks 
17 Nitrogen mineralization potential (N ) 
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Table 15. Nitrogen values obtained by chemical methods 3-7 
Method 
Soil 3 4 5 6 7 
11 IT M ff ^ i 1 
Thurman 5.2 6.9 3.2 2.2 2.9 
Storden 5.3 5.8 2.9 0.5 0.9 
Dickinson 7.4 9.0 4.9 2.1 3.8 
Buckney 5.2 8.9 4.9 1.2 4.0 
Sparta 11.0 14.3 5.7 4.0 4.2 
Ida 12.4 18.4 7.4 5.9 6.3 
Dickinson 13.7 26.4 9.9 7.0 7.8 
Clarinda 17.4 19.1 6.9 4.1 7.8 
Clarion 14.0 19.7 10.1 5.5 7.1 
Monona 14.5 20.7 9.2 5.4 5.5 
Shelby 16.6 21.7 9.5 5.1 7.9 
Fayette 21.6 30.3 13.5 7.1 8.1 
Hayden 26.9 35.5 18.7 7.2 9.1 
Nicollet 15.6 22.4 7.4 5.5 5.7 
Muscatine 29.5 38.4 18.3 8.6 10.3 
Marshall 20.5 37.6 16.5 9.4 9.6 
Grundy 16.4 24.4 9.2 5.3 6.1 
Readlyn 21.6 27.0 13.3 6.3 7.1 
Wacousta 23.1 32.0 12.7 6.3 7.4 
Webster 21.0 34.2 18.7 8.9 9.9 
Galva 20.6 30.0 13.2 4.6 5.3 
Webster 14.8 28.0 12.3 3.7 4.6 
Okoboji 20.0 23.2 8.6 1.3 1.9 
Webster 24.2 36.0 16.8 8.4 8.9 
Wacousta 26.8 46.3 15.5 8.3 9.2 
Weller 46.7 67.5 31.3 11.9 13.9 
Canisteo 18.2 31.2 8.7 0.5 1.0 
Canisteo 31.7 51.4 17.9 5.8 8.5 
Harps 30.0 53.3 26.1 6.0 8.2 
Tillamook 48.9 81.0 33.6 18.2 24.2 
Average 20.0 30.0 12.9 5.9 7.2 
75 
Table 16. Values obtained by chemical methods 8-12 
Method 
Soil 8 9 10 11 12 
— Ug N g""" soil — Absorbance 
Thurman 11.1 20 38 39 0.62 
Storden 11.9 8 31 32 0.32 
Dickinson 13.3 27 48 63 0.50 
Buckney 9.7 19 21 49 0.52 
Sparta 21.6 40 72 86 0.76 
Ida 18.9 30 51 15 0.45 
Dickinson 34.8 69 73 132 1.04 
Clarinda 36.7 70 77 153 0.90 
Clarion 35.3 50 79 130 0.79 
Monona 14.0 54 87 154 0.86 
Shelby 53.4 85 97 165 0.94 
Fayette 42.6 86 78 88 0.61 
Hayden 45.6 92 141 157 0.77 
Nicollet 35.1 50 68 140 0.86 
Muscatine 56.5 110 133 130 1.02 
Marshall 57.7 114 107 172 1.13 
Grundy 42.7 73 94 150 0.82 
Readlyn 39.6 81 73 49 0.55 
Wacousta 42.5 84 124 161 0.92 
Webster 41.2 80 100 147 0.68 
Gal va 62.2 90 107 148 0.99 
Webster 32.8 80 83 38 0.51 
Okoboji 31.2 66 108 135 0.56 
Webster 41.2 116 96 57 0.96 
Wacousta 60.1 143 136 124 1.20 
Weller 97.8 158 157 120 1.74 
Canisteo 31.9 72 90 150 0.64 
Canisteo 69.9 122 104 141 0.74 
Harps 54.8 154 100 112 0.69 
Tillamook 99.6 129 305 151 1.18 
Average 41.5 79 96 113 0.81 
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Table 17. Nitrogen values obtained by biological methods 
Method 
Soil 13 14 15 16 17 
yg N g~^ soil 
Thurman 10 5 21 7 26 
Storden 14 5 27 8 31 
Dickinson 22 14 30 9 40 
Buckney 27 12 26 8 35 
Sparta 27 19 59 19 77 
Ida 50 15 77 32 105 
Dickinson 56 35 78 17 101 
Clarinda 34 28 115 37 122 
Clarion 48 19 72 19 105 
Monona 58 25 89 26 99 
Shelby 77 35 137 38 163 
Fayette 75 44 99 30 132 
Hayden 104 62 167 57 207 
Nicollet 58 19 69 24 86 
Muscatine 94 51 166 62 202 
Marshall 95 56 191 52 231 
Grundy 55 15 103 28 124 
Readlyn 66 26 95 40 121 
Wacousta 89 44 132 43 162 
Webster 61 9 96 27 160 
Gal va 71 25 156 40 200 
Webster 48 22 57 17 110 
Okoboji 51 24 88 29 107 
Webster 73 45 127 54 186 
Wacousta 101 36 176 49 249 
Weller 145 171 291 138 320 
Canisteo 45 28 99 34 115 
Canisteo 126 57 216 81 284 
Harps 92 39 134 41 259 
Tillamook 161 135 349 124 383 
Average 68 37 118 40 151 
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Table 18. Correlation coefficients for the relationships between the 
results of chemical and biological methods 
Biological method 
Chemical 
method 13 14 15 16 17 
Correlation coefficient (r)^ 
1 0.75 0.62 0.77 0.71 0.82 
2 0.79 0.65 0.80 0.73 0.86 
3 0.95 0.88 0.94 0.94 0.95 
4 0.94 0.84 0.93 0.90 0.96 
5 0.91 0.84 0.88 0.87 0.93 
6 0.83 0.76 0.83 0.79 0.81 
7 0.83 0.79 0.85 0.81 0.83 
8 0.93 0.84 0.95 0.91 0.95 
9 0.87 0.70 0.82 0.77 0.92 
10 0.84 0.77 0.89 0.82 0.85 
11 0.48 0.31 0.52 0.36 0.48 
12 0.69 0.76 0.76 0.74 0.69 
^ r-values between 0.47 and 0.61 are significant at 1$ level; 
r-values above 0.6l are significant at 0.1? level. 
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Table 19. Correlation coefficients for the relationships between the 
results of biological methods 
Method 
Method 14 15 16 17 
Correlation coefficient (r)^ 
13 0.85 0.95 0.91 0.96 
14 0.89 0.95 0.81 
15 0.96 0.96 
16 0.90 
^ All r-values reported are significant at 0.1$ level. 
79 
in Table 18 support this conclusion. It is noteworthy, however, that the 
correlation coefficient I obtained for the relationship between total soil 
N and (Table 18) was higher than that observed in previous work by 
Stanford and Smith (1978) and Griffin and Laine (1983). As noted by 
Keeney (1982), determination of total N in soil by the Kjeldahl method is 
too costly an analysis for soil testing laboratories, whereas organic C or 
organic matter in soil can be readily determined by indirect K^CrgOy 
oxidation methods. However, Table 18 shows that, although the results of 
analyses for organic C (method 1) were significantly related to the 
results of the biological methods, the correlation coefficients for these 
relationships were much lower than those obtained with other chemical 
methods that are simpler and more rapid (e.g., methods 3 and 8). 
Methods 3-7 (KCl Methods) 
Of the five methods tested that involved determination of the 
produced by heating soil samples with 1 M or 2 M KCl (methods 3-7), those 
involving heating with 2 M KCl at WO°C for 4 hours (method 3) or at 95°C 
for 16 hours (method 4) gave the highest correlations when their results 
were compared with those obtained by the biological methods (Table 18). 
The results obtained by methods 3 and 4 accounted for 90% and 92%, 
respectively, of the variation in the N mineralization potential (N^) 
values of the 30 Iowa soils studied. It is concluded that the KCl 
procedure developed in Part II for rapid assessment of potentially 
available organic N in Brazilian soils (method 3) is also satisfactory for 
Iowa soils and that this procedure merits consideration for use in soil 
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testing laboratories. Method 4 gave results that were almost as closely 
related to those obtained by the four incubation methods (13-16) as were 
the results obtained by method 3 (Table 18), and it was slightly more 
precise than method 3» It has the disadvantage, however, of requiring a 
15-hour period of heating. 
Method 5 was essentially the KCl method proposed by Oien and Selmer-
Olsen (1980), the only significant difference being that the 
produced by heating the soil sample in a stoppered tube with 2 M KCl at 
80°C for 20 hours was determined by a steam distillation procedure instead 
of by a colorimetric method. Table 18 shows that the results obtained by 
this method were closely related to those obtained by the biological 
methods. The disadvantages of method 5 compared with methods 3 and 4 are 
that it requires a 20-hour period of heating and a filtration step. It is 
also less precise than method 3 or 4, presumably because the amount of 
produced in this method is considerably smaller than the amount 
produced in method 3 or 4 (Table 15). 
Method 6 was essentially the KCl procedure proposed by Whitehead 
(1981), the only significant difference being that the produced by 
boiling the soil sample with 1 M KCl for 1 hour was determined by direct 
distillation of the soil-KCl mixture with MgO instead of by filtering this 
mixture and analyzing an aliquot of the filtrate by a colorimetric 
procedure. The correlation coefficients reported in Table 18 show that 
this method and method 7 were not as good as the other KCl methods 
evaluated (methods 3-5) when they were compared with biological methods. 
Method 5 was also the least precise of the five KCl methods studied. 
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Method 7 was a modification of method 6 in which the soil sample was 
heated with 1 M KCl at 100°C in a stoppered tube for 1 hour instead of 
being boiled with 1 M KCl in an unstoppered tube for 1 hour. This method 
was studied because it seemed likely that NH^ is lost when soil is boiled 
with 1 M KCl as in method 5 and that this is at least partly responsible 
for the poor precision of method 6. These conclusions were supported by 
my finding that the NHy*-N values obtained by method 7 were higher than 
those obtained by method 5 (Table 15) and that method 7 gave better 
results than method 6 (Table 18) and was considerably more precise. 
Method 8 (Phosphate-Borate Buffer Method) 
The results obtained by this method were highly correlated with those 
obtained by the biological methods (Table 18), and they accounted for 
approximately 90? of the variation in the N mineralization potential (N^) 
values of the 30 soils studied. This supports the conclusion in Part I 
that this rapid steam distillation method merits consideration for use in 
soil testing laboratories. 
Method 9 (Calcium Chloride-Autoclave Method) 
Table 18 shows that, although the results obtained by this chemical 
method were significantly related to those obtained by the five biological 
methods, the correlation coefficients for these relationships were lower 
than those obtained with chemical methods 3, 4, and 8, which are simple 
and rapid by comparison. The CaClg-autoclave method evaluated was the 
modification of the Stanford and Smith (1976) method recommended in the 
recent revision of the ASA monograph on "Methods of Soil Analysis" 
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(Keeney, 1982). This modified method is much simpler than the original 
procedure, but it is not simple enough for use in soil testing 
laboratories because considerable care is needed in the transfer of the 
autoclaved soil-CaClg mixture for ammonium analysis (see also Magdoff et 
al., 1983). 
Method 10 (Acid Permanganate Method) 
Table 18 shows that the results obtained by this chemical method were 
significantly related to those obtained by the biological methods, but 
that the correlation coefficients for these relationships were lower than 
those obtained with other chemical methods (e.g., methods 3, 4, 5, and 8). 
The acid permanganate method evaluated was the procedure described by 
Stanford and Smith (1978), which involves extraction of the soil sample 
with acid KMnO^ solution after extraction with 1 N HgSOy, the 1 N HgSO^ 
extract being discarded. It is not suitable for use in soil testing 
laboratories because it requires two extractions and two centrifugations. 
Moreover, I found that the amount of extracted by 1 N H^SO^ was 
more than twice the amount extracted with 2 M KCl, which means that the 
treatment with 1 N H^SO^ extracted organic N that was readily hydrolyzed 
to and was not recovered by the subsequent extraction with acid 
KMnOy solution. Stanford and Smith (1978) concluded that their acid 
permanganate method was superior to their CaClg-autoclave method because 
it is suitable for both calcareous and noncalcareous soils, whereas the 
CaCl^-autoclave method is not suitable for certain calcareous soils. 
Table 18 shows that the acid KMnO^ method (method 10) was superior to the 
CaClg-autoclave method (method 9) when the results of these two chemical 
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methods were compared with those obtained by the biological methods 14, 
15, and 16, but that the CaClg-autoclave method (method 9) was superior to 
the acid KMnO^ method (method 10) when the results of these methods were 
compared with those obtained by the biological methods 13 and 17 with 30 
Iowa soils that included 8 calcareous soils. 
Method 11 (Alkaline Permanganate Method) 
Although a variety of alkaline permanganate methods have been 
proposed for assessment of potentially available organic N in soil, most 
workers have found that these methods do not give satisfactory results 
(e.g., Olson et al., 1950; Keeney and Bremner, 1966a; Jenkinson, 1958; 
Cornforth and Walmsley, 1971; Stanford, 1978). Table 18 shows that, of 
the 12 chemical methods evaluated in my work, the alkaline permanganate 
method (method 11) gave the lowest correlation coefficients when its 
results were compared with those obtained by the biological methods. 
Method 11 also had the poorest precision of the 12 chemical methods 
studied. 
Method 12 (NaHCO^ Ultraviolet Absorption Method) 
Table 18 shows that, although the results obtained by this chemical 
method were significantly related to those obtained by the biological 
methods," the correlation coefficients for these relationships were 
considerably lower than those obtained with most of the other chemical 
methods studied. Other workers have found that the results of this method 
are not closely related to those obtained by incubation methods or to N 
uptake by plants in greenhouse experiments (e.g., Rodrigues Filho, 1981; 
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Whitehead et al., 1981; Fox and Piekielek, 1983). This method would not 
be satisfactory for use in soil testing laboratories even if it provided a 
good index of soil N availability because it requires filtration of the 
suspension obtained by shaking the soil sample with 0.01 M NaHCO^, and it 
is usually necessary to centrifuge this suspension to facilitate 
filtration. 
Conclusions 
To conclude, the work reported showed that the results obtained with 
30 Iowa soils by the two rapid and simple chemical methods of assessing 
potentially available organic soil N described in Parts I and II (methods 
3 and 8) were highly correlated with the results of the five biological 
methods used for comparison, and that the correlations observed with these 
two methods were higher than those obtained with chemical methods 
previously proposed. Both methods also have important advantages over 
previous chemical methods in that they do not involve filtration or 
transfer steps and are well suited for use in soil testing laboratories. 
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SUMMARY 
The two chemical methods of assessing potentially available organic N 
in soils described in Parts I and II were further evaluated by applying 
them to 30 Iowa soils and by comparing their results and those obtained by 
other chemical methods with the results of the incubation methods 
considered to be the best laboratory methods currently available for 
assessment of potentially available organic soil N. The chemical methods 
used included the acid KMnO^^ method, the alkaline KMnO^ method, the CaCl^-
autoclave method, and the NaHCO^ ultraviolet absorption method. The 
incubation methods used involved determination of the ammonium-N produced 
by incubation of the soil sample under anaerobic conditions for 1 week or 
determination of the (ammonium + nitrate + nitrite)-N produced by 
incubation under aerobic conditions for 2 and 12 weeks. The data obtained 
showed that the results of the two chemical methods described in Parts I 
and II were highly correlated with those obtained by the incubation 
techniques used for comparison and that the correlations observed with 
these two methods were higher than those observed with the previously 
proposed chemical methods. It is concluded that these two rapid and 
simple methods are the best chemical methods thus far developed for 
laboratory assessment of potentially available organic N in soil and that 
they deserve consideration for use in soil testing laboratories. 
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GENERAL SUMMARY 
The obvious difficulties in assessment of N fertilizer requirements 
have tended to encourage application of more fertilizer N than seems 
likely to be needed for efficient crop production. It is now evident, 
however, that application of excessive amounts of fertilizer N must be 
discouraged and that better methods of formulating N fertilizer recom­
mendations are required. It is equally apparent that to improve current 
methods of assessing N fertilizer requirements, it is necessary to develop 
satisfactory methods of assessing potentially available organic N in soil. 
The need for laboratory methods of obtaining a reliable estimate of 
the amount of N likely to be made available for crop growth by 
mineralization of soil organic matter during the growing season has long 
been evident, and numerous biological and chemical methods have been 
proposed. But the methods showing the most promise are too complicated or 
time-consuming for use in soil testing laboratories, and there is an 
urgent need for a simple and rapid chemical method of assessing the 
availability of organic N in soil. 
Studies reported led to development of two rapid chemical methods of 
assessing potentially available organic soil N. One method involves 
determination of the ammonia-N produced by steam distillation of the soil 
sample with pH 11.2 phosphate-borate buffer solution for 8 rain. The other 
involves determination of the ammonium-N produced by treatment of the soil 
sample with 2 M KCl solution at 100°C for 4 hours. Both methods are 
simple and precise, and their results are not significantly affected by 
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air-drying or air-dry storage of the soil sample before analysis. They 
are well suited for use in soil testing laboratories because they do not 
require filtration or transfer steps. Studies using 33 Brazilian soils 
showed that the results obtained by these methods were highly correlated 
with those obtained by anaerobic and aerobic incubation methods of 
assessing potentially available organic N in soil. 
The two chemical methods developed were further evaluated by applying 
them to 30 Iowa soils and by comparing their results and those obtained by 
other chemical methods with the results of the incubation methods 
considered to be the best laboratory methods currently available for 
assessment of potentially available organic N in soil. The chemical 
methods used included the acid KMnO^ method, the alkaline KMnO^ method, 
the CaClg-autoclave method, and fhe NaHCO^ ultraviolet absorption method. 
The incubation methods used involved determination of the ammonium-N 
produced by incubation of the soil sample under anaerobic conditions for 1 
week or determination of the (ammonium + nitrate + nitrite)-N produced by 
incubation of the sample under aerobic conditions for 2 and 12 weeks. The 
data obtained showed that the results of the two chemical methods 
developed were highly correlated with the results of the incubation 
techniques used for comparison and that the correlations observed with 
these two methods were higher than those observed with the previously 
proposed chemical methods. It is concluded that these two rapid and 
simple methods are the best chemical methods thus far developed for 
assessment of potentially available organic N in soil and that they 
deserve consideration for use in soil testing laboratories. 
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